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(54) MEASURING IVIETHOD USING VIBRATOR, MEASURING DEVICE AND DRIVE DEVICE OF THE VIBRATOR 

(57)Abstract: 



PROBLEM TO BE SOLVED: To shorten a start time to stabilization of vibration 
state of a vibrator for measurement vt^en detecting physical quantity applied to 
the vibrator by exciting the vibrator with drive vibration, based on the detection 
signal obtained from the vibrator. 

SOLUTION: In this method, a vibrator 5. a self-exciting oscillation circuit 10 
producing an oscillation loop 32 together with the vibrator 5 and exciting the 
vibrator with drive vibration, and a detection circuit for outputting the detection 
signal from the vibrator are used and physical quantities are measured based on 
the detection signal. When the drive vibration is activated by using the self- 
exciting oscillation circuit 10, vibration of spurious mode having a proper 
resonance frequency different from the proper resonance frequency of the drive 
vibration Is generated. An addition signal of a frequency different from the proper 
resonance firequency of vibration in the spurious mode is generated from the 
oscillation loop 32 when the drive vibration is activated, and applied to the 
oscillation loop 32. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The self-oscillation circuit which generates vibrator, and this vibrator and an oscillation loop fonmation, and excites drive 
vibration to said vibrator, And the detector for outputting the detecting signal from said vibrator Is used. Are the approach of 
measuring physical quantity based on said detecting signal, and vibration of the spurious mode in which it has proper resonance 
frequency which is different from the proper resonance frequency of this drive vibration in case said drive vibration is started using 
said self-oscillation circuit is oscillated. The measuring method using vibrator characterized by impressing the addition signal of a 
frequency which is different from the proper resonance frequency of vibration of said spurious mode in case said drive vibration is 
started to said oscillation loop formation. 

[Claim 2} The approach according to claim 1 characterized by impressing said addition signal to said oscillation loop formation by 
the time the vibrational state of said drive vibration in said vibrator is stabilized. 

[Claim 3] The approach according to claim 1 or 2 characterized by the frequency of said addition signal being closer to the proper 
resonance frequency of said drive vibration than the proper resonance frequency of vibration of said spurious mode. 
[Claim 4] An approach given in any one claim of claims 1-3 characterized by having the altemating current amplifier with which said 
self-oscillation circuit amplifies the signal based on vibration of said vibrator, the rectifier which changes the output of this 
alternating current amplifier into the amplitude, and the amplitude control amplifier which amplifies the output of said alternating 
current amplifier according to the amplitude outputted from this rectifier. 

[Claim 5] The approach according to claim 4 characterized by impressing said addition signal to said oscillation loop formation 
when the amplitude outputted from said rectifier is smaller than the set point. 

[Claim 6] The approach according to claim 4 or 5 characterized by stopping the impression to said oscillation loop formation of said 
addition signal when the amplitude outputted from said rectifier is larger than the set point. 

[Claim 7] The self-oscillation circuit which generates vibrator, and this vibrator and an oscillation loop formation, and excites drive 
vibration to said vibrator. And it has the detector for outputting a detecting signal from said said vibrator. Are equipment which 
measures physical quantity based on said detecting signal, and vibration of the spurious mode in which it has proper resonance 
frequency which is different from the proper resonance frequency of this drive vibration in case said drive vibration is started using 
said self-oscillation circuit is oscillated. The measuring device of physical quantity characterized by having addition signal oscillation 
equipment which impresses the addition signal of a frequency which is different from the proper resonance frequency of vibration of 
said spurious mode in case said drive vibration is started to said oscillation loop formation. 

[Claim 8] Equipment according to claim 7 characterized by impressing said addition signal to said oscillation loop formation by the 
time the vibrational state of said drive vibration in said vibrator is stabilized. 

[Claim 9] Equipment according to claim 7 or 8 characterized by the frequency of said addition signal being closer to the proper 
resonance frequency of said drive vibration than the proper resonance frequency of vibration of said spurious mode. 
[Claim 10] Equipment given in any one claim of claims 7-9 characterized by having the altemating current amplifier with which said 
self-oscillation circuit amplifies the signal based on vibration of said vibrator, the rectifier which changes the output of this 
altemating cun^ent amplifier into the amplitude, and the amplitude control amplifier which amplifies the output of said alternating 
current amplifier according to the amplitude outputted from this rectifier. 

[Claim 1 1] Equipment according to claim 10 characterized by impressing said addition signal to said oscillation loop formation when 
the amplitude outputted from said rectifier is smaller than the set point. 

[Claim 12] Equipment according to claim 10 or 1 1 characterized by stopping the impression to said oscillation loop formation of said 
addition signal when the amplitude outputted from said rectifier is larger than the set point. 

[Claim 13] Equipment given in any one claim of claims 7-12 characterized by said measuring device being an inertia sensor. 
[Claim 14] Based on the physical quantity which is excited by vibrator and which should be measured [ which should measure and 
should drive-vibrate ], output a detecting signal from said vibrator, and although physical quantity is measured based on said 
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detecting signal. It faces. Are a driving gear for exciting said drive vibration to said vibrator, and said vibrator and oscillation loop 
formation are generated. Vibration of the spurious mode in which it has proper resonance frequency which is different from the 
proper resonance frequency of this drive vibration In case said vibrator is equipped with the self-oscillation circuit which excites 
drive vibration and said drive vibration is started using said self-osclllatlon circuit Is oscillated. The driving gear of vibrator 
characterized by having addition signal oscillation equipment which Impresses the addition signal of a frequency which is different 
from the proper resonance frequency of vibration of said spurious mode in case said drive vibration is started to said oscillation 
loop fonmatlon. 

[Claim 15] Equipment according to claim 14 characterized by Impressing said addition signal to said oscillation loop formation by 
the time the vibrational state of said drive vibration in said vibrator Is stabilized. 

[Claim 16] Equipment according to claim 14 or 15 characterized by the frequency of said addition signal being closer to the proper 
resonance frequency of said drive vibration than the proper resonance frequency of vibration of said spurious mode. 
[Claim 1 7] Equipment given in any one claim of claims 14-1 6 characterized by having the alternating current amplifier with which 
said self-oscillation circuit amplifies the signal based on vibration of said vibrator, the rectifier which changes the output of this 
alternating current amplifier into the amplitude, and the amplitude control amplifier which amplifies the output of said altemating 
current amplifier according to the amplitude outputted from this rectifier. 

[Claim 18] Equipment according to claim 17 characterized by impressing said addition signal to said oscillation loop formation when 
the amplitude outputted from said rectifier is smaller than the set point. 

[Claim 19] Equipment according to claim 17 or 18 characterized by stopping the impression to said oscillation loop formation of said 
addition signal when the amplitude outputted from said rectifier is larger than the set point. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This Invention relates to the measuring method which used the trembler, and a measuring device, for 

example, an oscillatory type gyroscope. 

[0002] 

[Description of the Prior Art] The piezo-electric oscillatory type gyroscope will use that Coriolis force arises in the vibration and 
direction of a right angle, if angular velocity joins the body which is vibrating. And the principle is analyzed with a dynamic model 
(for example, an "elastic wave component technical handbook". Ohm-Sha, the 491 -497th page). 

[0003] These people examined using an oscillatory type gyroscope for the rotational-speed sensor which is advancing examination 
variously about application of an oscillatory type gyroscope, for example, is used for the car control approach of the car-t)ody 
rotational-speed feedback type of an automobile. In such a system, angle of rotation of a handle detects the direction of a steering 
wheel Itself. An oscillating gyroscope detects the rotational speed which can come, simultaneously the car body is actually rotating. 
And stable car-body control is realized by measuring the direction of a steering wheel, and the rotational speed of an actual car 
body, searching for a difference, and adding amendment to wheel torque and a steering angle based on this difference. These 
people proposed the oscillatory type gyroscope using the trembler prolonged mainly in a flat surface which fitted the mold every 
width to JP,1 1-281 372. A. 
[0004] 

[Problem(s) to be Solved by the Invention] In such an application, since the oscillatory type gyroscope is driven by the cell, it Is 
required to cut down power consumption as much as possible, and to lengthen the life of a cell. Therefore, it is desirable to start, 
when an oscillatory type gyroscope is suspended when the car has stopped, and a car departs. For that, It is indispensable to make 
normal actuation start for a short time, after starting an oscillatory type gyroscope, and to begin detection of the location of a car. 
[0005] However, if a gyroscope Is started when starting a car, for example, the direction and location of a car can be checked until 
time amount until actuation of an oscillatory type gyroscope is stable after starting is long and actuation of a gyroscope is stable. 
For this reason, use to the position control of a car becomes difficult. 

[0006] The technical problem of this invention is being able to be made to shorten build up time until the vibrational state of the 
vibrator for measurement is stable on the occasion of detecting the physical quantity which excites drive vibration to vibrator and Is 
impressed to vibrator based on the detecting signal which was able to be obtained from vibrator. 
[0007] 

[Means for Solving the Problem] The self-oscillation circuit which this invention generates vibrator, and this vibrator and an 
oscillation loop formation, and excites drive vibration to vibrator. And it Is the approach of using the detector for outputting a 
detecting signal from vibrator, and measuring physical quantity based on a detecting signal. Vibration of the spurious mode In 
which it has proper resonance frequency which is different from the proper resonance frequency of this drive vibration in case drive 
vibration is started using a self-oscillation circuit is oscillated. In case drive vibration Is started. It is characterized by impressing the 
addition signal of a different frequency from the proper resonance frequency of vibration of spurious mode to an oscillation loop 
formation. 

[0008] Moreover, the self-oscillation circuit which this invention generates vibrator, and this vibrator and an oscillation loop 
formation, and excites drive vibration to vibrator. And it has the detector for outputting a detecting signal from vibrator. Are 
equipment which measures physical quantity based on a detecting signal, and vibration of the spurious mode in which It has proper 
resonance frequency which is different from the proper resonance frequency of this drive vibration in case drive vibration is started 
using a self-oscillation circuit Is oscillated. In case drive vibration is started, the measuring device of physical quantity characterized 
by having addition signal oscillation equipment which Impresses the addition signal of a different frequency from the proper 
resonance frequency of vibration of spurious mode to an oscillation loop formation is started. 
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[0009] Moreover, this invention outputs a detecting signal from vibrator based on the physical quantity which is excited by vibrator 
and which should be measured [ which should measure and should drive-vibrate ], and although physical quantity is measured 
based on a detecting signal, it faces It. Are a driving gear for exciting drive vibration to vibrator, and vibrator and an oscillation loop 
formation are generated. Vibration of the spurious mode in which it has proper resonance frequency which is different from the 
proper resonance frequency of this drive vibration in case vibrator is equipped with the self-oscillation circuit which excites drive 
vibration and drive vibration is started using a self-oscillation circuit is oscillated. In case drive vibration is started, the driving gear 
characterized by having addition signal oscillation equipment which Impresses the addition signal of a different frequency from the 
proper resonance frequency of vibration of spurious mode to an oscillation loop formation is started. 

[0010] According to this invention, drive vibration is excited to vibrator and build up time until the vibrational state of the vibrator for 
measurement is stable can be shortened on the occasion of detecting the physical quantity impressed to vibrator based on the 
detecting signal which was able to be obtained from vibrator. Hereafter, this reason is explained, referring to a drawing suitably. 
[001 1] Drawin g 4 is the mimetic diagram showing the oscillation loop formation 32 of the conventional drive vibration system. The 
excitation means 8 is attached in vibrator 5. and the excitation means 8 is connected to the self-oscillation circuit 10. It starts first in 
the large condition of the gain (gain) of the amplifier in the self-oscillation circuit 10. At this time, the input to amplifier is only a 
noise. This noise includes the wave motion of the broad frequency containing the proper resonance frequency of drive vibration 
made into the purpose. This noise is inputted into vibrator 5 like an arrow head B. 

[0012] Vibrator consists of a piezoelectric single crystal which is mentioned later, for example. A signal Including many vibration of 
proper resonance frequency made into the purpose is outputted like an arrow head A by frequency filter operation of vibrator, and 
this signal is inputted into the amplifier in the self-oscillation circuit 1 0 according to it. By repeating such actuation within an 
oscillation loop formation, the rate of the signal of the proper resonance frequency made into the purpose becomes high, and the 
input signal to amplifier becomes large. For this reason, it is made for gain (loop gain) while a signal goes around the oscillation 
loop formation 32 to be set to 1 by adjusting the gain of amplifier. Finally, gain (loop gain) while a signal goes around the oscillation 
loop formation 32 is set to 1, without adjusting the gain of amplifier. Vibrator carries out a stable oscillation in this condition. 
[0013] IHere, the stable oscillation of vibrator is indispensable to measurement of physical quantity. It is because it cannot become 
fixed [ the value of the detecting signal which should be outputted from vibrator ] and exact measurement cannot be performed, 
unless the amplitude of the driving signal currently oscillated in vibrator is fixed. 

[0014] Here, in the oscillatory type gyroscope, this invention person examined the reason which needs long duration comparatively 
by Implementation of the stable drive condition mentioned above, and reached the following knowledge. That is, in order to raise 
the detection sensitivity of angular velocity in an oscillatory type gyroscope, it is necessary to make it the amplitude of vibrator 
become large to the same circuit output. Electrically, such a property has the Q value (Qualityfactor: selectivity) of the quality of the 
material which constitutes vibrator equivalent to a large thing. 

[0015] Moreover, the vibrator used for an oscillator circuit is usually designed so that the oscillation mode unnecessary originally 
called spurious mode may decrease. Or the proper resonance frequency in spurious mode designs so that it may separate from the 
frequency In oscillation mode required originally greatly. However, In the Inertia sensor, for example, an oscillatory type gyroscope, 
emphasis of a design is put on raising the sensibility as a sensor, and the design from a viewpoint of reducing spurious modes 
does not serve as the highest priority in many cases. As this result, when exciting vibrator, many vibration of spurious mode Is 
included in comparison in many cases. Moreover, the oscillation frequency in spurious mode may not fully be separated from the 
frequency of the target drive vibration. 

[0016] Consequently, when a noise is inputted into vibrator, the amplitude of the signal which Is chosen in vibrator and is first 
outputted since the Q value of vibrator is high and resonance acutance of image is high is small. For this reason, time amount 
becomes long until the gain of the amplitude reaches and is stable to the setting amplitude in a self-oscillation circuit. There is an 
inclination for the oscillating component in the spurious mode outputted from vibrator to increase for the reason mentioned above 
besides. For this reason, in order to fully reduce the oscillating components in spurious mode, the count of the need of the 
feedback in an oscillation loop formation increases. Time amount until it removes vibration of unnecessary spurious mode from 
drive vibration of vibrator and the amplitude of drive vibration reaches the setting amplitude for these reasons is considered to be a 
long thing. 

[0017] In order to solve this trouble, this invention person installed the oscillator 15 only for starts, as typically shown in drawing 1 . 
And when starting drive vibration, the addition signal was oscillated like an arrow head C from the oscillator 5, and it was impressed 
by the oscillation loop formation 32. The frequency of this addition signal C differs from the proper resonance frequency of vibration 
of spurious mode. In addition, 22 is self-oscillation equipment. 

[0018] Consequently, the addition signal C joins the signal A outputted from vibrator 5, and it is amplified in this condition of having 
been added. Whenever a signal goes around the oscillation loop formation 32, the gain in the case of this magnification is adjusted 
so that it may be set to 1 . Under the present circumstances, the rate of the oscillating component In the spurious mode after 
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magnfficatlon becomes small by adding the addition signal of a different frequency from the oscillation frequency In spurious mode. 
Therefore, the rate of the oscillating component in the spurious mode In the signal A frequency-selective backward [ by the 
following vibrator 5 ] also becomes small. Drive vibration can be conventionally stabilized for a short time as a result of the 
operation of the feedback loop based on such an addition signal. 

[0019] Spurious mode is the oscillation mode which has the fixed oscillatory-type voice from which drive mode and detection mode 
differ in vibrator. The proper resonance frequency of vibration of spurious mode mode differs from the proper resonance frequency 
of vibration of drive mode, and the proper resonance frequency of vibration of detection mode. 

[0020] It is being in the condition that vibration of drive mode became it large enough that the vibrational state of the drive vibration 

by the self-oscillation of vibrator was stable to vibration of spurious mode. 

[0021] 

[Embodiment of the Invention] Especially limitation is not carried out for the physical quantity which should be measured in this 
invention. When drive vibration is excited to vibrator and change arises in the vibrational state of vibrator under the effect of 
physical quantity to the vibrator under drive vibration, it is aimed at detectable physical quantity through a detector from change of 
this vibrational state. As such physical quantity, the acceleration Impressed to vibrator, angular velocity, and especially angular 
acceleration are desirable. Moreover, as detection equipment, an inertia sensor Is desirable. 

[0022] The self-oscillation circuit is equipped with the alternating current amplifier and amplitude control circuit (AGC circuit) for 
frequency control In the suitable operation gestalt. In an amplitude control circuit, fluctuation of the amplitude Is controlled and fixed 
amplitude value is made to be outputted. 

[0023] In a suitable operation gestalt, by the time the vibrational state of drive vibration [ in / for the addition signal C / vibrator 5 ] is 
stabilized, it will be impressed by the oscillation loop formation 32. 

[0024] Said especially each proper resonance frequency is not limited. With 1 suitable gestalt, the proper resonance frequency fd 
of vibration of drive mode is 20k-30kHz, and the proper resonance frequency fs of vibration of spurious mode Is 40k-60kHz. As for 
both difference (fd-fs) (absolute value), it is desirable that it is 10kHz or more. 

[0025] Moreover, in a suitable operation gestalt, the frequency of an addition signal is closer to the proper resonance frequency of 
drive vibration than the proper resonance frequency of vibration of spurious mode. The feedback effect which reduces vibration of 
the spurious mode mentioned above by this increases further. 

[0026] Above-mentioned conditions can be put In another way as follows. [The difference (fa-fs) (absolute value) of the frequency 

fa of an addition signal and the proper resonance frequency fs of vibration of spurious mode Is larger than the difference (fe-fd) 

(absolute value) of the frequency fa of an addition signal, and the proper resonance frequency fd of drive vibration.] 

[0027] From a viewpoint of attenuating vibration of spurious mode, as for the absolute value of (fa-fs), it is desirable that they are 4 

or more times of the absolute value of (fa-fd), and it is still more desirable that they are 10 or more times. 

[0028] Moreover, as for the difference (fa-fd) (absolute value) of the frequency fa of an addition signal, and the proper resonance 

frequency fd of drive vibration, it is desirable that it is 10kHz or less, and it is still more desirable that it is 5kHz or less. Moreover, fa 

and fd may overiap. 

[0029] From a viewpoint of attenuating vibration of spurious mode, as for the difference (fa-fs) (absolute value) of the frequency fa 
of an addition signal, and the proper resonance frequency fs of vibration of spurious mode, it is desirable that It is 15kHz or more, 
and it is still more desirable that it is 25kHz or more. 

[0030] The self-oscillation circuit is equipped with the altemating cunrent amplifier which amplifies the signal based on vibration of 
vibrator, the rectifier which changes the output of this alternating current amplifier into the amplitude, and the amplitude control 
amplifier which amplifies the output of an alternating cunrent amplifier according to the amplitude outputted from this rectifier in the 
suitable operation gestalt. In this case, it can choose whether an addition signal is added by acting as the monitor of the amplitude 
outputted from the rectifier. 

[0031] When the amplitude outputted from the rectifier especially preferably Is smaller than the set point in this operation gestalt, an 
addition signal is Impressed to an oscillation loop formation. That is, there are many noises omitted In vibrator In the eariy phase 
which began to excite drive vibration. For this reason, since the amplitude outputted from the rectifier becomes smaller than the 
setting amplitude, it is necessary to amplify In an amplitude control amplifier. Since many noises still remain In this phase and many 
oscillating components in spurious mode remain especially, it Is useful to Impress an addition signal. 

[0032] However, if most turns into a signal component of the purpose frequency among the signals Inputted Into vibrator 5, the 
amplitude of the signal outputted from vibrator 5 will become large, consequently the amplitude of the signal inputted into amplifier 
will become large. When it becomes like this, it is made for a loop gain to be set to 1 by making gain of amplifier small. In this 
condition, a noise decreases and it becomes close to a stable self-oscillation condition. In this phase, if an addition signal is 
impressed. It will become a noise on the contrary. For this reason, it Is desirable to turn off the switch of an addition signal oscillator 
so that an addition signal may not be impressed. 
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[0033]" Drawing 2 is the block diagram showing the control circuit 1 concerning the suitable operation gestalt of this invention, and 
drawing 3 is the block diagram showing the self-oscillation equipment 22 in drawing 2 . The measuring device of this example is 
applied to the oscillatory type gyroscope for measuring the angular rate of rotation. 

[0034] The control circuit 1 is equipped with the drive circuit 2 and the detector 3. The drive circuit 2 is for exciting the drive 
oscillating section 5 of vibrator Self-oscillation equipment 22 and the diagnostic circuit 9 are established in the drive circuit 2. A 
self-oscillation circuit is started by the bootstrap circuit 4 in self-oscillation equipment 22. 

[0035] As shown in drawing 3 , self-oscillation equipment 22 Is equipped with the self-oscillation circuit 10 and addition signal 
oscillation equipment 15. The self-oscillation circuit 10 is equipped with a current / voltage amplifier (altemating current amplifier) 
23. the capacitor 24, the rectifier 26, the amplitude control amplifier 25, and the resistor 27. 28 is a ground. Oscillation equipment 
15 is equipped with the oscillator 31, the switch 30, the resistor 29, and the oscillation control unit 32. 

[0036] At the time of starting, a noise is inputted from a bootstrap circuit 4 to the self-oscillation circuit 10. This noise passes the 
mechanical component 5 of vibrator, receives frequency selection, subsequently is inputted into an altemating current amplifier 23 
like an arrow head A, and receives magnification. A part of output signal from an altemating current amplifier 23 is taken out like an 
arrow head D, and It inputs into a rectifier 26, and changes Into the level (magnitude) of the amplitude. The signal of this amplitude 
is inputted into the amplitude control amplifier 25 like an arrow head E. As shown in drawing 2 , self-oscillation equipment 22 is 
connected with the diagnostic circuit 9, and the output of the diagnostic circuit 9 is outputted outside through a DIAG terminal. 
[0037] Since most noises are omitted in vibrator 5 in the initial stage after starting as shown In drawing 3 , the output from a rectifier 
26 is comparatively small. For this reason, gain in amplifier 25 is enlarged and it is made for a loop gain while going around the 
oscillation loop formation 32 to be set to 1 . If time amount passes, since the output from a rectifier 26 will become large, gain in 
amplifier 25 Is made small and It Is made for a loop gain to be set to 1 . 

[0038] A part of output from a rectifier 25 is Inputted into a control unit 32 like an arrow head F. An oscillator 31 and a switch 30 are 
operated based on the signal from a control device 32. When the output F from a rectifier 26 is below the set point, an addition 
signal is oscillated from an oscillator 31, and, specifically, SUINCHI 30 is made into an ON state. Consequently, an addition signal 
is impressed in the oscillation loop formation 32. 

[0039] On the other hand, if a self-oscillation condition is stabilized, generally, the output F from a rectifier 26 will become large, and 
will exceed the set point. In this phase, most signals which are going the inside of the oscillation loop formation 32 around serve as 
a drive signal component of the frequency made into the purpose. If it becomes like this and an addition signal will be impressed to 
an oscillation loop formation, the frequency of an addition signal will result from differing from the frequency of a drive signal 
component in introducing a noise on the contrary. When it becomes like this, there is a possibility that the time amount to a stable 
oscillation may become rather long. Therefore, when the output F from a rectifier 26 exceeds the set point, an oscillator 31 is 
suspended and an addition signal is made not to be impressed by making a switch 30 into an OFF state to the oscillation loop 
formation 32. 

[0040] Stabilization of the oscillation condition of a driving signal starts detection of the signal from the detecting elements 6A and 
6B of vibrator. That is, the detecting signal (altemating current) from the detecting elements 6A and 6B of vibrator is amplified using 
altemating current amplifiers 1 1A and 1 1B, and the output from each amplifier 1 1A and 1 1B is added with an adder 12. 
[0041] Moreover, a part of driving signal is made to derive, and through and a phase shift signal are acquired for a descendant 
signal to a phase shifter 13. the phase of a phase shift signal - the phase of a leakage signal - a predetermined Include angle ~ 
for example, 90 degrees has shifted. This phase shift signal is inputted into a phase detector 14, and the output signal from vibrator 
is detected. Consequently, in the output signal after detection, the unnecessary leakage signal is eliminated or should be reduced 
at least. The output signal after this detection is inputted and graduated to a low pass filter 17, and, subsequently to the zero-point 
equalization circuit 18, is Inputted Into it. This output Is taken out outside. 

[0042] Although the wave of a driving signal is not limited, they are a sine wave, a cosine wave, or a square wave preferably. 
[0043] Especially the configuration of vibrator Is not limited. As for the Q value of the quality of the material which constitutes 
vibrator. It is desirable that it Is 3000 or more, and it is much more desirable that it is 10000 or more. As the quality of the material 
which constitutes a trembler, constant modulus alloys, such as elinvar, and a fenroelectricity single crystal (piezoelectric single 
crystal) can be illustrated. As such a single crystal, the Xtal, lithium-niobate, lithium tantalate. and lithium-niobate-lithium tantalate 
solid solution, lithium borate, and langasite can be illustrated. 
[0044] 

[Example] A circuit which was explained hereafter, referring to drawing 1 - drawing 3 was constituted, and the drive experiment was 
conducted. As vibrator, the vibrator of a publication was used for JP,1 1-281 372,A. This vibrator Is equipped with two detection 
oscillating pieces 6A and 6B which vibrate in [ two drive oscillating pieces 5 and a drive oscillating piece ] independent The noise 
with a frequency of 100-500kHz was generated from the bootstrap circuit, it Inputted into the oscillation loop formation 32, and self- 
oscillation was started. The proper resonance frequency of a drive oscillating piece is 30kHz, and the proper resonance frequency 
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of spurious vibration is 55kHz. 

[0045] First, an oscillator 31 was not operated, and self-oscillation was perfonmed where a switch 30 is turned OFF. Consequently, 
time amount until the oscillation of drive vibration Is stable was about 1.0 seconds. 

[0046] On the other hand, the oscillator 31 was operated, and where a switch 30 is turned ON, self-oscillation was performed like 
the operation gestalt mentioned above. The frequency of an addition signal was about 25kHz. Consequently, time amount until the 
oscillation of drive vibration is stable was about 0.2 seconds. 
[0047] 

[Effect of the Invention] As stated above, according to this invention, drive vibration is excited to vibrator and build up time until the 
vibrational state of the vibrator for measurement is stable can be shortened on the occasion of detecting the physical quantity 
impressed to vibrator based on the detecting signal which was able to be obtained from vibrator. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the self-oscillation equipment based on this invention. 
[Drawing 2] It is the block diagram showing typically the whole measuring device in a suitable operation gestalt. 
[ Drawing 3] In the equipment of drawing 2 , it Is the block diagram showing self-oscillation equipment 22 typically. 
[Drawing 4] It is drawing showing typically the self-oscillation equipment based on the example of a comparison. 
[Description of Notations] 

I Control Circuit 2 Drive Circuit 3 Detector 

5 Drive Part of Vibrator 6A, 6B Detection Section of Vibrator 7 Line of Oscillation Loop Formation 8 Excitation Means 10 Self- 
oscillation Circuit 

I I A, 1 18, 23 Alternating current amplifier 12 Adder 13 Phase shifter 

14 Phase Detector 15 Addition Signal Oscillation Equipment 19 Direct-Current-Amplification Circuit 20 Altematlng-Current- 
Amplification Circuit 22 Self-oscillation Equipment 24 Capacitor 25 Amplitude Control Amplifier 26 Rectifier 
30 Switch 31 Oscillator 32 Control Unit A Output Frequency-selective Backward [ by Vibrator 5 ] B Output after Magnification by 
Amplitude Control Amplifier 25 C Addition Signal D Input to Rectifier 26 (Alternating Current) Input to E Amplitude Control Amplifier 
25 (Direct Current) F Input to Oscillation Control Unit 32 
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